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[571 ABSTRACT 
The invention generally relates to methods and devices 
for installing in a tubular shaft multiple strain gages, and 
more particularly to a method and a device for pneu- 
matically forcing strain gages into seated engagement 
with the internal surfaces of a tubular shaft in an instal- 
lation of: multiple strain gages in a tubular shaft. The 
essence of the invention involves the novel concept of 
seating strain gages or other electronic devices in a 
template-like component, wrapping the template-like 
component about a pneumatically expansible body, 
inserting the component into a shaft and expanding the 
body pneumatically, a suitable adhesive having been 
applied to the surfaces. 
9 Claims, 5 Drawing Figures 
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template-like component having seated therein strain 
gages to be affixed to the internal surfaces of the shaft. 
It is therefore believed that the references discovered 
in the course of the search clearly fail to disclose the 
5 invention hereinafter more fully described and claimed. 
It is, therefore, the general purpose of the instant The invention described herein was made in the per- invention to provide a practical and economical method 
merit and may be manufactured and used by Or for the tiously and accurately mounting strain gages at desired 
Government for purposes without the 10 locations on the internal surfaces of tubular shafts and 
the like, such as the torsion shaft for the canard ,of F-16 payment of any royalties thereon or therefor. 
BACKGROUND O F  THE INVENTION 1. Field of aircraft* 
the Invention OBJECTS AND SUMMARY OF THE 
The invention generally relates to methods and de- 15 INVENTION 
vices for installing in a tubular shaft multiple strain It is an object of the instant invention to provide a 
and more Particularly to a method and a device practical and economic method and device for mount- 
for Pneumatically forcing strain gages into seated en- ing electronic devices internally of tubular shafts. 
gagement with the internal surfaces of a tubular shaft in It is another object to provide a practical and eco- 
an installation of multiple strain gages in a tubular shaft. 20 nomic method and device which facilitates an expedi- 
The essence of the invention involves the novel concept tious mounting of multiple strain gages at desired loca- 
of seating strain gages or other electronic devices in a tions on the internal surfaces of a tubular shaft. 
template-like component, wrapping the template-like It is another object of the instant invention to provide 
component about a pneumatically expansible body, a simplified and economical device which readily is 
inserting the component into a shaft and expanding the 25 employable in the mounting of,electronic devices in- 
body pneumatically, a suitable adhesive having been cluding strain gages on the internal surfaces of tubular 
applied to the surfaces. bodies such as small diameter shafts and the like. 
2. Description of the Prior Art It is another object to provide a practical and eco- 
Heretofore, mechanical devices have been con- nomic pneumatic device having a capability for aCCU- 
structed for use in installing strain gages in tubular 30 ratelY Positioning and simultaneously mounting a PlU- 
shafts such as the torsion shaft for the canard of F-16 rality Of Strain gages at desired 10CatiOnS on the internal 
aircraft. surfaces of tubular shafts and the like. 
Unfortunately, mechanical devices heretofore em- These and other objects and advantages are achieved 
played have not satisfactorily served their intended through the use of the device which includes an expan- 
purposes. F~~ example, installed strain gages, installed 35 sible cylinder having an outside diameter slightly less 
utilizing the mechanical art devices, frequently than the inside diameter of a tubular shaft, the internal 
undergo displacement or dislodgement, further, the surfaces of which multiple electronic devices, such as 
strain gages are often lost. Also, the number of strain strain gages, are to be mounted, a flexible, template-like 
component for mounting the strain gages on the exter- gages that can be installed at one time is minimal, and an 40 nal surfaces of the cylinder, plates for closing the oppo- inordinate amount of time is involved in the attachment site ends of the expansible cylinder, at least one plate of the gages when utilizing the mechanical devices and having provided therein a pneumatic valve through 
which the cylinder is pneumatically pressurized and methods of the prior art. As a consequence, it is gener- 
shafts is a difficult task requiring an inordinate amount 45 tronic device into bonding engagement with the inter- 
Of time* and 's attended by Some degree Of nal surfaces of the tubular shaft, as will hereinafter be- 
come more readily apparent by reference to the follow- inaccuracy. 
As a consequence of the aforementioned inadequacies ing description and claims in light of the accompanying 
of the methods and devices of the prior art, it should be drawings. 
apparent that there currently exists a need for a simpli- 50 
fied method and apparatus which can readily be em- DESCRIPTION OF THE DRAWINGS 
ployed in rapidly and accurately mounting strain gages FIG. 1 is a perspective view of a portion of a tubular 
in tubular shafts without the disadvantages which at- shaft having mounted therein a plurality ofstrain gages, 
tend the methods and devices previously employed for said strain gages being mounted in accordance with the 
such purposes. 
During the course Of a preliminary search conducted FIG. 2 is an exploded perspective view depicting the 
for the instant invention, certain patents were discov- device employed in mounting the strain gages shown in 
ered which are believed to be pertinent, but fail to teach FIG. 1. 
the instant invention. These patents are listed on the FIG. 3 is a perspective view of a template-like corn- 
enclosed Form PT0.1449. 60 ponent having openings into which strain gages are 
While the patents discovered during the course of the inserted preparatory to being wrapped about an expan- 
search indicate that pneumatically expansible devices sible body of the device, illustrated in FIG. 2, for thus 
heretofore have been employed in joining various mate- forming an insertion assembly. 
rials to the internal surfaces of a tubular body, none of FIG. 4 is a perspective view illustrating an insertion 
the references discovered in the course of the search 65 assembly just prior to its insertion into a tubular shaft. 
contain any suggestion of a method and a device which FIG. 5 is a perspective view depicting the insertion 
employs an expansible body for forcing into engage- assembly in position for initiating the mounting of a 
ment with the internal surfaces of a tubular shaft, a plurality of strain gages on the internal surfaces of the 
INFLATABLE DEVICE FOR INSTALLING STRAIN 
GAGE BRINES 
ORIGIN OF THE INVENTION 
formance Of work by employees Of the u*s' Govern- and device which can readily be employed in expedi- 
ally accepted that Of strain gages in expanded for forcing the template-like device and elec- 




hollow shaft shown in FIG. 4 through a pneumatic 
expansion of the expansible bodv. 
gages being accessible from the etched surface 3% of the 
temdate-like comDonent 30. 
Where desired, a layer of tape may be employed in 
securing the strain gages in place in the component 30. 
5 However, in practice, the strain gages 12 are provided 
DESCRIPTION OF THE PREFERRED 
EMBODIMENT 
Referring now to the drawings, with inore particular- with electricai leads 40 which exienh along the surface 
ity, wherein like reference characters designate like or of the component 30, opposite the etched surface 34 and 
corresponding parts throughout the several views, renders support to the strain gages as they rest in the 
there is shown in FIG. 1 a length of a tubular shaft, openings 32. The template 30 is now wrapped about the 
generally designated S ,  having mounted therein a plu- 10 central portion of the expansible cylinder 14, as gener- 
rality of strain gages 12, said strain gages being mounted ally indicated in FIG. 2. Subsequent to a wrapping of 
in accordance with the principles of the instant Inven- the template 30 about the cylinder 14 an adhesive mate- 
tion. rial such as M-Bond 610, high micromeasurement adhe- 
As shown in FIG. 2, the device includes an expansi- sive is applied to the etched surface 34 of the template 
ble cylinder 14, also herein referred to as a body, 15 30 as well as the exposed surfaces 36 of the strain gages 
formed from a fiberglass, impregnated silicon rubber, 12. Thus the insertion assembly 38 is formed, as illus- 
approximately 1/16-inch in thickness, marketed by trated in FIG. 4, and readied for insertion. 
General Electric under the designation RTV-159 rub- The insertion assembly 38 has an outside diameter of 
ber. The expansible cylinder 14 is closed at each of its approximately 1/16 of an inch smaller than the internal 
opposite ends by a metallic plate, designated 16 and 18. 20 diameter of the shaft S which facilitates insertion of the 
The plates 16 and 18 are adhesively sealed to the ends of assembly 38 to a desired depth within the shaft S .  A 
the cylinder 14 utilizing suitable adhesive materials, pneumatic connection is now made between the expan- 
such as the material known on the market as M-Bond sible cylinder 14 and a source of pneumatic pressure, 
610. not shown, through a suitable conduit connected with 
The plates 16 and 18 also are coupled together 25 the valve assembly 36 in a conventional manner. The 
through the use of a plurality of tie-bolts 22 which ex- expansible cylinder 14 is now pressurized to approxi- 
tend through bores formed in the plate 18 and received mately 30 psi for forcing the etched surface of the tem- 
in internally threaded bores 24, FIG. 2, formed in the plate 30 and the exposed surfaces 36 of the strain gages 
plate 16. The tie bolts 22 serve to prevent the ends of the into engagement with the internal surfaces of the shaft 
cylinder 14 from undergoing axial expansion as the tube 30 S. 
14 is pneumatically pressurized. While not in all in- The pressure thus established within the cylinder 14 
stances necessary, it is often preferred to utilize a length is maintained for a period sufficient for the adhesive to 
of tape, designated 20, FIG. 4, for completing the seal of cure. Thereafter, the pressure is released from the cylin- 
the plate 18 to the expansible cylinder 14 and for further der 14, via the valve assembly, for thus permitting a 
assuring that the expansible cylinder 14 does not sepa- 35 depressurization of the expansible cylinder with an at- 
rate from the plate 18 during expansion thereof. Prefer- tendant reduction in the diameter of the cylinder. The 
ably, the tape is employed in connecting both the plates cylinder 14 is now axially removed from the interior of 
16 and 18 with the cylinder 14. the shaft S leaving the component 30 attached to the 
Pressurization of the expansible cylinder 14 is facili- internal surface of the shaft, along with the strain gages 
tated through the use of a conventional valving assem- 40 12 seated in the openings 32. Electrical leads 40 are now 
bly, designated 26, seated in the bore 28 concentrically connected with terminal boards 42, FIG. 1, which, as 
related to the plate 18. While the valve 26 is of any desired, also may be adhesively,attached to the internal 
suitable design, it may be of a type commonly employed surface of the shaft S. However, the terminal boards 42 
in facilitating pressurization of aircraft tires and the like. may be located at any desired location. 
In view of the foregoing, it is believed that the instant 
expansible cylinder or body 14 is adapted to be pressur- invention provides a practical and economic method 
ized via the valve assembly 26. Pressurization of the and device for readily attaching strain gages and similar 
expansible cylinder 14 is attended by radial expansion electronic devices to the internal surfaces of tubular 
thereof. In practice, the cylinder 14 is pressurized to 30 shafts in a manner which facilitates rapid and economic 
psi. 50 fabrication of devices which normally require the at- 
Referring for a moment to FIG. 3, there is shown a tachment of strain gages internally of tubular shafts. 
flexible, template-like component 30 having openings 32 What is claimed is: 
for receiving strain gages 12, or other electronic de- 1. In a method for installing in a tubular shaft, multi- 
vices. The component 30 is formed from 5 Mil. Teflon ple electronic devices, such as strain gages, having 
with the openings 32 being formed of a suitable configu- 55 bonding surfaces and leads extended therefrom, the 
ration to receive the strain gages and are located at steps comprising: 
suitable locations, determined by the directions of the A. forming a flexible, template-like component from a 
forces to be measured in the tubular shaft S .  It is noted thin sheet of Teflon, said template being provided 
that the component 30 includes a surface 34 suitably with multiple openings for receiving said elec- 
etched to enhance a bonding engagement thereof to the 60 tronic devices and characterized by an etched 
internal surfaces of the shaft S. bonding surface; 
The strain gages 12 are of any desired design, how- B. inserting electronic devices into the openings pro- 
ever, each of the strain gages 12 includes a base or vided for said component with the bonding sur- 
mounting surface, designated 36, which serves to facili- faces of the electronic devices being exposed at the 
tate a mounting of the strain gage to the internal surface 65 etched surface of the template-like component, and 
of the shaft S .  An insertion assembly 38, FIG. 4, is the leads of the electronic devices being extended 
formed by first positioning the strain gages 12 in the along the surface of the component opposite the 
openings 32 with the mounting surfaces 36 of the strain etched surface thereof; 
At this juncture, it should readily be apparent that the 45 
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C. wrapping the component around an expansible 
cylinder with the etched surface of the template 
facing away from the cylinder thus to form an 
insertion assembly; 
D. coating with adhesive the etched surface of the 
template and mounting surfaces of the electronic 
devices; 
E. inserting the assembly to a desired depth within 
the tubular shaft; and 
F. expanding the cylinder for forcing the surfaces of 
the template-like component and the surfaces of the 
electronic devices to which the adhesive has been 
applied into bonding contact with the adjacent 
surface of the shaft for thus bonding the component 
and electronic devices to the shaft. 
2. In a method as defined in claim 1 wherein said 
expansible cylinder comprises a tube formed of silicon 
rubber sealed at each of its opposite ends by a rigid 
plate, the plate at one end of the tube being provided 
with a pneumatic valve for use in pressurizing the cylin- 
der and said step of expanding the cylinder includes the 
step of pneumatically pressurizing the cylinder. 
3. In a method as defined in claim 1 further including 
the step of bonding the leads to terminal boards 
mounted in said tubular shaft. 
4. In a method as defined in claim 2 further including 
the steps of permitting the adhesive to cure, depressur- 
izing the cylinder and removing the cylinder from the 
shaft, leaving said template-like component and elec- 
tronic devices bonded to the internal surface of the 
tubular shaft. 
5. In a method as defined in claim 5 wherein said 
cylinder is pressurized to 30 psi, the template-like com- 
ponent is formed from a sheet of.5 Mil. Teflon, and the 
plate at one end of the tube is connected to the plate at 
the other end thereof by a plurality of tie-bolts which 
serve to preclude axial separation of the plates as the 
cylinder is expanded. 
6. In a device for use in installing in a tubular shaft, 
multiple electronic devices such as strain gages and the 
like having electrical leads extending therefrom, the 
improvement comprising: 
A. means comprising an expansible cylinder having 
an outside diameter slightly less than the inside 
diameter of said tubular shaft; 
B. a flexible template-like component with openings 
having strain gages secured therein, said compo- 
nent and said strain gages having a surface adapted 
to be supported by the external surface of said 
6 
cylinder and an opposite bonding surface coated 
with an adhesive; 
C. means for sealing the opposite ends of said expansi- 
ble cylinder including a pair of rigid plates adhe- 
sively secured to said cylinder at the opposite ends 
thereof and means interconnecting the plates for 
preventing axial separation thereof; and 
D. means for expanding said cylinder so as to bond 
said component and strain gages to said inside of 
7. An improvement as defined in claim 6 wherein said 
expansible cylinder is made of silicon rubber, said tem- 
plate-like component is formed of 5 Mil. bondable Tef- 
lon, said plates comprise aluminum disks, and said 
15 means for preventing axial separation of the plates in- 
cludes tie-bolts extended between and connected to said 
plate. 
8. An improvement as defined in claim 6 wherein said 
means for expanding said cylinder includes a pneumatic 
9. A device particularly suited for use in installing 
strain gages internally of a tubular load bearing shaft, 
comprising: 
A. an expansible cylinder formed of silicon rubber, 
said cylinder being characterized by an outside 
diameter less than the internal diameter of said 
shaft; 
B. means for pneumatically sealing each of the oppo- 
site ends of said expansible cylinder including a pair 
of metallic plates adhesively secured to the cylin- 
der and interconnected by a plurality of rigid tie- 
bolts, at least one of said plates being provided with 
a pneumatic valve for accommodating a pneumatic 
pressurization and depressurization of said cylin- 
C. a flexible template-like component for mounting 
strain gages on the external surface of said cylinder, 
said component formed of bondable Teflon and 
including a bonding surface engagable with the 
internal surface of said shaft and a plurality of 
openings defined in the template, strain gages se- 
cured in said openings in a manner such that a 
mounting surface for each strain gage protrudes 
through one of said openings formed in the compo- 
D. means comprising an adhesive for uniting the 
bonding surface of the component and the mount- 
ing surface of each strain gage to the internal sur- 
face of said shaft in response to a pressurization of 
5 
10 said tubular shaft. 





45 nent; and 
50 the cylinder. * * * * *  
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